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METHOD AND APPARATUS FOR VERIFYING ACCURACY OF 
AN INFRARED THERMOMETER 


BACKGROUND OF THE INVENTION 
The invention relates to a temperature 
verification device and method, which is used to verify 
accuracy of temperature measurements by an infrared 
thermometer . 


DESCRIPTION OF THE RELATED ART 
4f Remote infrared temperature measuring devices, 

*Q 10 or infrared (IR) thermometers, have been used for many 
years to measure temperature of a surface from a remote 

; Li 

yj location. Their principle of operation is well known. All 

^ surfaces at a temperature above absolute zero emit heat 

J" in the form of radiated energy. This radiated energy is 

H 15 created by molecular motion which produces 
l~ electromagnetic waves. Thus, some of the energy in the 

y3 material is radiated in straight lines away from the 

H surface of the material . Many infrared thermometers use 

optical reflection and/or refraction principles to 

2 0 capture the radiated energy from a given surface. The 

infrared radiation is focused upon a detector, analyzed, 
and processed; the temperature is calculated and 
presented on a display. 

In temperature control equipment used in such 

25 fields as food retail industry or pharmaceutical 

industry, etc., where IR non-contact thermometers are 
often used, it is desirable to obtain reasonably accurate 
temperature measurements. To verify the accuracy of an 
IR thermometer, it is known that one may check the 

30 temperature readings at different pre-set temperature 
points using a black body target. 

The strength of infrared rays radiating from the 
surface of the black body depends upon temperature and 
emissivity of the surface as defined by the Planck 

3 5 quantum theory. The black body in physics is an ideal 
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black substance that absorbs all and reflects none of the 
radiant energy falling on it. In known IR calibration 
devices, the infrared sensor measures the strength of the 
infrared radiation from the black body having a known 
5 temperature thereby to perform calibration on the basis 
of the relationship between the voltage output from the 
infrared sensor and the temperature of the black body. 
The emissivity of the black body in calibration devices 
is usually 0.9-0.95. 

10 A known Hart's portable infrared calibrator 

(FIG. 1) includes a black-body target, a temperature 
controller and a built-in heating unit, which can be set 
to three temperature set points, such as 50°C, 100°C and 
150°C. Another Hart's calibrator has set points of 

15 100°C, 250°C and 400°C. The calibration is provided by 

enabling the built-in heating unit, selecting a set point 
temperature of the black body target, waiting for several 
minutes for the heater to reach the pre- set temperature, 
aiming the IR thermometer at the black body target and 

2 0 comparing the temperature of the thermometer with the 

calibrator's set temperature. This type of calibrator 
is mostly used for IR thermometers working with 
temperatures higher than the ambient temperature, and has 
the following drawbacks: the calibration is limited to 

25 several pre-set points, and the procedure is time 
consuming because of the heating and cooling. For 
example, a typical heating time for a calibrator of this 
type is about 3-15 min., stabilization time is about 
3 min. and cooling time is about 2 5 min. Such a 

30 calibrator also needs AC power for the heating unit with 
current of about 1-1. 5A. The accuracy and reliability 
of the calibrator depends on respective characteristics 
of its parts, such as heating unit, controller, etc. The 
device is relatively expensive because of the combined 

35 cost of its parts. 

Therefore, there is a need for a simple, low- 
cost reliable portable verification device, which can 
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provide a fast temperature verification of IR 
thermometers with sufficient accuracy in a broad 
temperature range not limited by a number of set points. 

SUMMARY OF THE INVENTION 
5 A portable temperature verification device of 

the present invention includes at least one thermo- 
conductive mat adapted to verify accuracy of IR 
thermometers. The verification mat comprises a sheet of 
thermo-conductive material having front and back opposing 
□ 10 surfaces, a black body target on said front surface of 

the sheet, which black body target is used as a source of 
i/j infrared radiation for the IR thermometer, and a contact 

^ thermometer arranged on said front surface adjacent to 

12 the black body target for comparison with the reading of 

03 15 the IR thermometer focused on the target. The back flat 
p_ surface of the mat is releasably attachable to an object 

M= having a desirable temperature for temperature 

verification. For this purpose the mat may have a 
q magnetized metallic coating or a thermo-conductive 

H= 20 adhesive coating on the back surface. In another 

embodiment, the mat is made from a flexible thermo- 
conductive magnetic material . In yet another embodiment 
the mat is rigid and self-adhesive. 

The range of temperatures that may be verified 
2 5 with the use of the mat of the present invention depends 
on the working environment of the IR thermometer and may 
be between about -25°C and about +100°C. More 
preferably, the range is from -14°C to +31°C, or, when 
used for a freezer and the like, it is from -25°C to 
30 -3°C. For a refrigerator, the IR thermometer is verified 
in the range of 0°C to +12°C, and for ambient 
temperatures the range is +14°C to +31°C. 

The contact thermometer may be of any type, 
including a reversible liquid crystal temperature label 
35 or a color-changing temperature indicator. The 

thermometer may be built-in, or it may be releasably 
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attached to the front surface of the mat. In the latter 
case, it may have a thermo -conductive self-adhesive 
coating on its back side, or it may have a magnetic 
coating on the back side, or it may be releasably mounted 
5 on the front surface of the mat by any appropriate means 
for this purpose. The removable contact thermometer of 
another embodiment is interchangeable with another 
contact thermometer, which may be chosen based on desired 
temperature range from a set of releasably attachable 

10 contact thermometers. The set including a plurality of 

contact thermometers for different temperature ranges may 
be provided by packaging the thermometers for sale with 
the mat or a set of mats, for which the thermometers are 
to be used. Each mat in the set is adapted to verify 

15 accuracy of IR thermometers within a different 


temperature range. The mat and/or the thermometer is 
then selected by a purchaser or user in accordance with 
the temperature of the environment where the mat with the 
contact thermometer is to be used. 


thermometer includes providing a thermo -conductive mat 
having a black body target and an adjacent contact 
thermometer thereon, releasably attaching the mat to an 
object having a desirable temperature, aiming the IR 

25 thermometer at said black body target, and comparing the 
reading of the IR thermometer with the reading of said 
contact thermometer. When the temperature range is 
changed, the contact thermometer on the mat may be 
changed for another based on the desired temperature 

30 range. Also, a plurality of thermo -conductive mats may 
be provided for different temperature ranges, and a mat 
may be chosen based on the desirable temperature range 
for verification of an IR thermometer. 


20 


A method for verifying accuracy of an IR 


BRIEF DESCRIPTION OF THE DRAWINGS 


35 


FIG. 1 shows a prior art portable IR calibrator. 
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FIG. 2 is a schematic drawing of a temperature 
verification mat of the present invention with a 
rectangular shaped black body target and a liquid crystal 
contact thermometer . 
5 FIG. 3 illustrates the method of the present 

invention . 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

10 In the following description, for purposes of 

explanation and not limitation, specific details are set 
forth, such as numbers, dimensions, shapes etc. in order 
to provide a thorough understanding of the present 
invention. However, it will be apparent to one skilled 

15 in the art that the present invention may be practiced in 
other embodiments that depart from these specific 
details . 

Referring now to drawings, FIG. 2 illustrates a 
temperature verification mat of a preferred embodiment 
20 of the present invention. The mat 10 comprises a flat 
magnetic sheet made of magnetized vinyl with front 
surface 8 and an opposite back surface 12 . The mat has 
dimensions of 6.75" x 5.1875" x 0.04". A rectangular 
flat black body target 1 with dimensions 3" x 3" is 

2 5 positioned on the front surface 8 of the mat, and a 

contact thermometer 2 is arranged on the surface 8 
adjacent to the black body target. In the preferred 
embodiment the contact thermometer 2 is a thermochromic 
liquid crystal thermometer attached by a thermo- 

3 0 conductive glue to the front surface 8 of the sheet. 

The liquid crystals of the contact thermometer 2 change 
color according to the temperature. The contact 
thermometer 2 shown in FIG. 2 has a temperature range 
from +14°C to +31°C (58°F to 88°F) with an accuracy of 
35 ±1°C (±2°F) , and the mat is used to verify the IR 
thermometer at room temperature. 
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The mat surface 8 may also include an area 3 
for user's instructions and an area 4 for placing the 
manufacturer' s information. 

It is appreciated that the black body target may 
5 have different shapes, such as round, oval, elliptic, 
etc. and different sizes, the dimensions depending on 
size of the mat and the design of the surface 8 of the 
mat. The contact thermometers may also vary depending on 
temperature range, work conditions and accuracy 
10 requirements. 
G In another embodiment, the contact thermometer 2 

may include a reversible liquid crystal temperature label 
y3 (FIG. 2) , or a color-changing temperature indicator 

(FIG. 3). Other types of conventional contact 
ll 15 thermometers suitable for this purpose and which are well 
known in the art may be used. 

The contact thermometer may have a magnetic 
H coating or a thermo- conductive adhesive coating on its 

^ back side and be releasably attached to the surface 8 of 

O 2 0 the magnetic mat 10 (peelable) . The removable contact 
^ z thermometer may be interchanged with another contact 

thermometer, which may be chosen based on desired 
temperature range. The contact thermometer 2 may also be 
built-in or mounted on the front surface 8 of the mat by 
25 any means appropriate for this purpose. 

A set including a plurality of removable contact 
thermometers for different temperature ranges may be 
provided by packaging the thermometers for sale with the 
mat or a set of mats, for which the thermometers are to 
3 0 be used. Each mat in the set is adapted to verify an 
accuracy of IR thermometers within a different 
temperature range. A mat and/or a thermometer is then 
selected by a purchaser or user in accordance with the 
temperature of the environment where the mat with the 
35 contact thermometer is to be used. 

In another embodiment, the mat is made from a 
flexible sheet of a thermo-conduct ive material with an 


adhesive back surface 12 and is releasably attached for 
temperature verification to a surface of a non-metallic 
object (self-adhesive) . Since the mat is self-adhesive, 
it can be applied to any surface, non-metallic as well as 
metallic when the temperature reading of an IR 
thermometer is verified. 

In yet another embodiment, the mat is a flat 
rigid plate of thermo- conductive magnetic material with a 
black body target and a built-in unremovable contact 
thermometer . 

In another embodiment the mat has a designated 
space for a contact thermometer, and a self-adhesive 
temperature label is applied to this spot. The 
temperature range of the label is chosen so as to comply 
with the temperature to be verified. The label is easily 
changed for another one with a different temperature 
range when the next verification temperature is within 
another temperature range. 

The method of the present invention for 
verifying an accuracy of an IR thermometer is shown in 
FIG. 3. The drawing illustrates the verification of an IR 
thermometer for temperature of about 180°F. 

The verification of an IR thermometer is usually 
provided in two points. In the preferred embodiment of 
the method, the first point for verification is 0°C, 
which is quickly verified by aiming the IR thermometer at 
a styrofoam cup with a mixture of crushed ice and water. 
The second point in the preferred embodiment is verified 
at the room temperature. It is the simplest way for the 
user to verify an IR thermometer since it does not 
require a temperature controlled environment. The 
magnetic surface 12 of the thermo -conductive mat 10 of 
the present invention is applied to any metallic 
surface 2 0 in a room, such as an outer surface of a 
refrigerator door, or a metal board. The user waits to 
give the contact thermometer 2 arranged on the mat 10 
time to reach thermal equilibrium, which usually takes 
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about 30 sec. to 1 min, and then aims the beam of the IR 
thermometer 5 at the black body target 1 on the mat 10. 
The reading of the IR thermometer 5 is then compared with 
the reading of the contact thermometer 2, which is 
5 attached to the mat 10 adjacent to the black body- 
target 1 . 

For the refrigerator temperature verification, 
the user applies the mat with an appropriate contact 
thermometer to the inner wall of the refrigerator 

10 camera. For verification of the oven, freezer, etc. 

temperature, the mat 10 with a contact thermometer with 
the desired temperature range is applied to the inner 
wall of the equipment camera, and after a waiting period 
for thermal equilibrium of the contact thermometer, the 

15 beam of the IR thermometer 5 is aimed at the black body 
target 1 on the surface 8 of the mat. 

A plurality of mats for different temperature 
ranges made from different thermo- conductive materials 
with different thermal characteristics can be provided 

2 0 for sale in order to enable the user to choose an 

appropriate mat for each particular measurement. The 
mats can be offered for sale in sets, which sufficiently 
extend the range of verified temperatures. Optionally, a 
set of contact thermometers for different temperature 

2 5 ranges adapted for use with the mats may be provided for 

sale. This way the method of the present invention can 
be utilized for temperatures of +100°C and higher (for 
ovens of different types) , as well as for room 
temperature and freezing temperatures of -2 0°C and lower. 

3 0 Thus, the simple, lightweight, portable, low-cost 

temperature verification mats of the present invention 
can be used for verification of IR thermometers in 
different customer environments, such as in industrial 
environments, and with retail equipment, or home 
35 appliances, including ovens and freezers, etc. with 
equally good results. 


Although the present invention has been 
described with reference to the preferred embodiments, it 
will be appreciated that the invention is not limited to 
the details described thereof and numerous changes and 
modifications will occur to those skilled in the art, and 
it is intended in the appended claims to cover all those 
changes and modifications which fall within the true 
spirit and scope of the present invention. 


